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FOREWORD 


A significaint factor in the development of new technology is the timely 
exchange of information to highlight areas of progress and to establish areas 
in need of greater emphasis - in short, to provide both program management and 
technical contributors an opportunity to review their work and plans in the 
context of the requirements and constraints of the total program. 

During the past two years, the Langley Research Center has made a con- 
certed effort to support the NASA objectives for development of a low-cost 
space transportation system - the space shuttle. The Langley effort covers a 
broad base of technology including electronics and life support systems, but 
its primary focus has been in the areas of Aerothermodynamlcs, Configurations, 
and Plight Mechanics; Structures and Materials; and ]]ynamlcs and Aeroelasticity. 

’Thus it was in the context of the need for a technology status review and 
our own active involvement in the aforementioned areas of technology that the 
Langley Research Center was pleased to host the Shuttle Technology Conference 
which culminated in this document. As the reader will recognize, the develop- 
ment and presentation of this information was largely achieved by very busy 
people doing an additional job. Nevertheless, I believe the results of the 
conference reflect a highly motivated and cooperative effort on the part of 
industry and NASA centers to provide the best infoimation available for techni- 
cal review and assessment. This effort is deeply appreciated by those of us 
involved in the implementation of the conference. Thus, to the authors, ses- 
sion chairmen, and numerous individuals involved in the logistic s\^port of 
this conference, I offer my thanks both for your effort and for your coopera- 
tion. A job wen done.* 


George W. Brooks 
General Chairman 
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Figure 2 
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Figure 4 
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fifth analytically determined mode is 1^4- percent greater than its experimentally determined 
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SOME ASYMMETRIC MODES OF SPACE - SHUTTLE MODEL 
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STRUCTURAL MODES ACCURACY PROGRAM 
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ADVANCED SUBSTRUCTUEING TECHNIQUES 
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Figure 10 



SPACE SHUTTLE LAUNCH CONFIGURATION EXAMPLE 
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SPACE-SHUTTLE LAUNCH CONFIGURATION 
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Figure 11 
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PABEL CONFIGURATIONS 
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PANEL CONFIGURATIONS 



CLIP-SUPPORTED PANEL 
(TD NiCr) 



EXPERIMENTAL SETUP FOR PANEL VIBRATIONS 
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XPERIMENTAL SET-UP FOR PANEL VIBRATIONS 










TYPICAL MEASUEED NODAL PATTERNS 



TYPICAL MEASURED NODAL PATTERNS 
CHANNEL-STIFFENED PANEL; FREE BOUNDARIES 
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Figure 3 






TYPICAL MEASURED NODAL PAPEERNS 
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Figure 4 
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In discussing computing economics it is usual to quote only the CPU time since this is the time 
for which charges are normally made. However, it is understood that with problems of this size an 
entire computing machine is occupied excluding all other problems. Therefore, the elapsed time may be 
a more pertinent time to consider. 
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Figure 5 
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Figure 6 
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program to obtain two eigenvectors and the associated model stresses in all panel elements for this 
1200 X 1200 eigenvalue problem. 
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Figure 7 



COMPUTED MODAL DEFLECTIONS 
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COMPUTED STRESSES FOR CLIP- SUPPORTED PAMIL 
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however, efforts are "being made to remedy the discrepancies. 
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Both experimental and analytical studies have been conducted of the vibrations 
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APPROXIMATE ANALYSIS AUD DYNAMIC TESTS FOR 
A THERMAL PROTECTION SYSTEM PANEL 












CO 













0> 

CD 













CO 

*H 













PI 

P 













0 

fH 

1 









o 



ft 


CD 







CO 


CO 



CO 

O 

P 

CD 






PH 

d 

::i 


d 

<D 

d 

ft 

O 






EH 

0) 



PI 

U 

ft 


PI 







•p 

CO 

« 

cd 


ft 

Pi 

O 






<+^ 

cd 

•H 

Td 

P 

d 

•H 

•H 







O 

(U 


0) 

1 

PI 

d 


bO 








O 

-p 

d 

cd 


P-j 

d 






(U 


Ph 

cd 

cd 


rP| 

J3 

»(H 






0} 

0) 

0 

d 

O 

tiO 

bQ 

ft 

d 






p: 

o 

d 

p( 

Pi 

p: 

0 

CD 

cd 






o 

Pi 

<u 

a 

P 

•iH 

O 

CO 

0 






ft «H 

o 

H 


& 


pi 

H 






CQ 

1 

o 

cd 

0 


P 








(U 

0) 

U 

o 

P 

3 

H 

<D 

CD 






Jh 

0) 

ft 



d 


P 

p 









o 

CO 




0 






o 

<H 

CO 

U 

H 



0 

CO 






•H 


•- 

cd 

0) 

CO 

• 

cd 

CO 







d 

PI 



(U 

(D 

O 

CD 







<L> 

•iH 

CO 

(D 

ft 

rH 


p 






PI 

PI 


o 

H 

cd 

P 

d 

ft 







► PI 


•H 


P 

cd 

(U 








•H 

0) 

o 

Pi 

CO 

PI 

PI 

a 







ft 

H 

PI 

•H 


O 

•H 

»iH 






0) 

1 

cd 

<D 

cd 

(D 

CO 

cd 

P 






tn 

d 

O 

0 

Pi 

d 

cd 

p 

cd 






Pi 

(U 



P 

o 

CD 

p 

P 






(U 



0) 

CO 

g 

P 

o 

CO 






»> 


• 






•H 






CQ 

•H 

CO 

ft 

CO 


P 

CO 

CO 







ft 

•p 


S 

CO 

cd 

p 

cd 






(d 


PI 

d 

S 

(U 

CD 

H 

0 







Cd 


PI 


•H 

ft 

pi 

u* 






-P 


§ 

cd 

p 

o 


CO 








CO 



o 

PI 

cd 

CD 

d 






0) 

cd 

o 

CO 

p 

<D 


p 

PI 






cPj 


cd 

o 

d 


CO 


cd 






-P 

d 

-P 

d 

(D 


P 

(D 



CQ 





(D 


o 

Pi 

0) 

CO 

p 



cd 

0 



0) 

N 

cd 


ft 

p 

CD 

p 

H 


O 

•H 




•H 




ft 

P 


cd 


h 




•H 

d 

CO 

H 

O 



p 

d 


< 

cd 




cd 

CO 

cd 

P 

H 

t50 

cd 




u 



R 

<D 

<u 

Jh 


cd 

PI 

p 

CD 


• 

o 



(D 

niJ 

0 

pi 

d 

U 

•H 

p 

P 



ft 

u 


-P 

•H 

ft 

-P 

(1) 

0 

fin 


P 



u 

o 


0) 


ft 

cd 

P 

P 


p 




o 



Td 

CO 

•H 

PI 

PI 

cd 


H 




o 




•H 

-P 


Q) 

Pi 

d 

CD 

o 


cd 




O 


CO 

rPl 

CO 



ft 

•H 



o 

(D 

EH 

■P 

H 


o 

0) 

CD 

d 


P 


o 

o 


O 


(L> 


•H 

Pi 

p 

PI 

CO 

CO 


> 

cd 


< 


q 

Pi 


ft 

p! 

cd 

•p 

0 


rH 

ft 



CO 


cd 



CO 



O 


cd 

0} 

O 

EH 

u 

ft 



0 

cd 

S 

p 

O 



O 

tlD 

cn 

t»D 

CO 


<D 


o 


Cd 

• 

o 

u 

Cd 


O 

(U 

CO 

0 

P 


PI 



d 


<D 

ft 

< 

U 


cd 

u 

P 




d 

CD 

• 



ft EH 


ft 


0 

pJ 

CO 

CD 

•H 

D 


-P 






d> 

p 


p 

PI 

ft 


a 

Q) 


H 


1— 1 


Pi 


CD 

Pi 

•fH 

•H 

• 

cd 

fC| 


cd 

• 

cd 

(U 

Cd 

d 

P 

CD 

P 

O 

M 

S 



-P 

d 

o 

H 



ft 

a 

d 

CD 


s 



PI 

(U 

O 

rQ 

CO 

S 


(D 

O 

ft 


3 



Q) 

CO 

H 

O 

cd 

p 

CD 

p 

o 

CO 

PQ 

u 




CO 


Ph 

H 

0 

P 

pi 




o 



•H 

pi 

d 

ft 

pi 

ft 

P 

CO 

o 

CD 





U 

CJ 

PI 



p 


cd 

p 

p 





0) 

CO 

cd 

0) 


CD 

ft 

CD 


cd 





ft -H 


pi 

o 

ft 

Q 

0 

(D 







T3 

tiO 

H 

ft 




CO 

CO 





0> 

0 

cd 


CD 

CO 

CD 

PI 

0 






CO 

•iH 

> 

PI 

P 

P 

ft 

o 

O 





Td 


Pi 

PI 

o 

P 

H 

cd 

ft 

•H 





PI 


0) 

o 

♦H 

> 

pi 

p 

CO 

P 





cd 

<U 

ft 

bO 

P 


CO 

CO 

CD 

•H 






H 

ft 

•iH 

•H 

CO 

(D 


P 

d 





H 

-P 

•H 

(D 

CO 

p 


CD 


PI 





cd 

-P 

■0 


O 

CO 


d 

H 

0 





a 

' 7i 

CO 

O 

ft 

CD 


o 

CD 

o 





•H 

1 rP3 


•iH 

Pi 

EH 

• 

s 

0 






-p 

' CO 

Pi 

cd 

(D 


PI 


cd 

bO 







O 

Pi 

Q* 


O 

p 

ft 

PI 





d 

! ^ 

•iH 

P 

0 

• 

•H 

p 


♦H 





TO 

1 o 

-P 

(U 

CO 

PI 

P 

•H 

CD 

d 





a 

1 cd 

cd 

bO 


0 

cd 

|5 

P 

cd 





3 

i ft 

w 

H 

H 

•H 

p 


cd 

0 






CO 

0 

cd 

cd 

P 

•H 

d 

0 

H 






u 


d 

cd 

a 

CD 

•H 






<u o 

Pi 

d 

O 

P 

lx{ 

p 

X 

H 





p 

1 ,P3 

O 

cd 


•H 

0) 

CD 

o 

CD 





•H 

1 -P 

O 



O 


p 

p 

0 






1 


(D 

0) 


o 

c 

ft 

cd 





s u 


-P 

p 

CD 

•H 

p 

ft 

ft 





c 

> o 

-P 

cd 



p 

o 

cd 






c 

} ft 

‘H 



O 

CO 

o 


H 








0) 

•H 

•H 

pi 

PI 

bO 

cd 





< 

I CO 


PI 

X 

P 

o 

CD 

0 

o 






H 

(L) 

<D 

0 

CO 

q 


•H 

•H 






<D 

-P 

bQ 

u 

pi 

cd 

CD 

P 

P 







cd 


ft 

0 


P 

U 

•H 






cd 

H 

O 

ft 

o 

o 

CD 

•H 

P 






ft 

ft 

■P 

<3^ 

cd 

p 

> 

d 

O 


o 

p 


o 


49 


The authors wish to express their appreciation to C. Parente, of the Loads and Dynamics Section, for 
his assistance with the test phase of this effort. 


INTRODUCTION 




•H 














cd 


o 






CD 


CD 



y 


y 

P 








L/ 

_o 





(U 

P 


ft 



rH 


p 

P 






ft 







u 

P 

1 

O 



P 


p 

•H 

nd 

p 


CO 


o 


t 

• 

1 



cd 


p 

P 

>5 

y 




> 

y 

p 


y 





Td 

cd 




Pi 

o 

CD 

iH 

CO 

P 


<H 


ft 

•iH 


Td 


CO 


MX 
1 ^ 

y 

'Cd 



cd 

o 

o 

> 

rH 

•H 

P 


O 

t>> 

o 

> 

y 


rH 

P 


+-^ 
f \ 

P 

P 



•H 



CD 

3 

y 

CO 



y 

rH 



> 

3 

p 



•H 

y 



U 

rP 

p 

Td 

O 

y 



P 

cd 

y 

p 

3 

O 

P 

y 


2 

P 

a 



<D 

o 

p 


•H 

P 

y 


o 

P 

> 

y 

iH 

P 

o 

a 


p 

y 

R 



-P 

p 

bO 

<D 

P 

ft P 


•H 

P 

y 

P 

ft 

ft 

•rH 

y 


n 

CO 

o 



•H 

a 

•H 

P 

CO 


p 


P 

y 

nd 

p 

1 


P 

iH 


Q 

y 

y 



U 


CD 


•H 

d 



cd 

y 


y 

P 

O 

♦H 

y 



Td 

y 



o 

CD 

> 

CO 

H 

P 

p 


P 

cd 

CO 

bD 

•H 

CO 

nd 



y 


P 




P 

1 

CD 

cd 

cd 

P 


iH 


cd 

O 


iH 

nd 

rH 


f, 

y 




bO o5 

P 

P 

CD 


o 


o5 

y 


P 

ft 

cd 

cd 

cd 


H 

y 

P 

»cd 



PI 

P 

P 

P 

P 

Td 

p 


> 

rH 



O 



P 



cd 





o 

bD 



y 

bO 


y 

P 

P 

n 


Td 

CO 

P 








♦H 

•H 

CD 

CD 

H 

P 



cd 

y 


CO 

y 

cd 

P 



P 




cd 

nil 

rH 

CJ 

P 

•H 

o 



> P 

•H 

o 

p 



y 


Q 

o 




O 



O 


cd 

p 


P 

o 


p 

y 

o 

rH 

P 


•rH 

•H 

CO 



H 

>- 

> CD 

P 

O 

P 

p 


cd 

CO 

> 

p 

y 

iH 

rH 

P 



■R 

P 




rH 

P 

ft 

P 

y 

p 


P 

cd 


y 

ft 

0* 

P 

p 



cd 

O 



O 

P 

P 



Td 


*d 

y 

y 

a 

ft 

a 

> 

CO 



P 

•H 



•H 

P 

cd 

i—j 

d 


p 


a 

P 

p 


y 

y 




CO 

•H 

P 



-P 

P 

•H 

ro 

CD 

P 

p 


♦H 


3 

CO 



CO 

y 


jj 

y 

y 



W 

O 

rH 

o 

> 

b( 

D O 


rH 

y 

•Td 

— 

y 

p 

cd 

P 


CO 


•H 



cd 

P 

CD 

•rH 

0) 

P 



y 

P 

y 

p 

P 

o 


p 


y 

y 

^cd 



H 

P4 P 

P 

•H 

0 



p 

•rl 

y 

•H 

p 

•H 

fH 



4J 


y 



(L) 



s 

(H 

p 

1 — 1 


ft p 

o 

p 


P 

y 

CO 



y 

P 




H 

Pi 

d 

CD 

p 

cd 



a 

p 

p 

Td 

cd 


> 


ft 

•H 

ft 


O 

P 

O 

CO 

P 

p 

P 


P 

0 

ft 

y 

p 

CO 

3 

o 


O 

p 




♦H 

•H 


P 



P 


o 

y 


rH 

cd 

•H 

ft 

p 



CO 

niJ 



-P 

> 

P 

3 

CD 

d 

y 




CO 

cd 


rH 


CO 


CO 

g 

y 



cd 


O 


P 

y 

a 



o 

•tH 

Cd 

bD 

cd 

y 



y 

o 

CO 



-P 

CO 

•H 

CD 

Cd 


•H 


rH 

p 

CO 


P 

y 

,P 

rH 


•H 

y 

3 



w 

p 

P 

1 — 1 


*H 

p 


O 


S 


•H 


p 



P 

cd 

P 




0 

p 

p 


a 

y 


0 

y 

rH 

p 


•H 


y 


y 






> *H 

P 

cd 

P 

•H 

ft 


P 

{> 

cd 

3 

Cd 


P 



CO 

a 

!>; 




P 

O 

o 

P 

P 

X 



cd 

P 


o 

iH 

y 

•H 

• 


o 

rH 




cd 

l> 

•H 

P 

•H 

y 


bD P 

Cd 


► rH 

cd 

> 

fH 

y 

cd 

Td 

rH 




P 

(D 

rH 

CD 

a 

1 


P 



P 


P 

o 

CO 

p 


3 

3 



0) 

(D 


ft 

1 


Td 


•H 

1 Td 

P 

O 

y 

P 



cd 

r> 

3 

y 



tSJ 


CD 

ft 

CD 

y p 


P 

rH 

cd 

y 

•rH 

P 

CO 


Td 

CO 

P 

•H 



•H 

•H 

P 

Cd 

P 

P 

1 cd 


y 

’ P 


P 

P 

y 

p 

• 

o 

•H 


P 



CO 

CO 

P 






y 

' O 

P 

p 

CO 

P 

p 

CO 

a 

CO 

o 

>; 




p 



d 

> 

> iH 


P 

1 > 

o 


P 

P 

•H 

p 

e 


p 

H 



CO 

0 

■> 


P 

cd 

1 cd 


•H 

1 


y 

o 

p 

o 

o 

O 

rH 


3 



r-j 

a 

CO 

3 

3 

a 

1 o 


bO H 

CO 

p 

y 

CO 

ft 

•H 

y 

3 

y 

3 



0) 


p 




•H 


P 

1 o 

p 

cd 

cd 



-R 

y 


CO 

3 




a 

o 

Td 


p 

L P 


y 

' o 

p 

rH 


y 

h 

cd 

cd 

3 

P 




3 

•H 

1 CD 

CD 

p 

& 

1) s 



p 

o 

P 

i o 

fP 

P 

bD 



o 

P 



p 


P 

p 

p 

•H 

1 iH 


p 


ft 


p 

EH 

cd 

p 

O 

y 

ft 

p 





' Pi 

•H 

CD 

CO 

1 cd 


3 

i CO 

y 

Td 



P 

p 

p 

P 

CO 

•H 



H 

' P 

! CD 

Pi 

O 

y p 



•H 

P 

y 

y 


p 

p 


p 

y 

> 



CO 


3 

CD 

CO 

d 3 


CO 

1 P 


p 

CO 

• 

•H 

o 

Td 


p 



H 

9-t 

Td 

o 

•p 

cd 

p 



•H 

1 P 

P 

cd 

P 

P 

P 

y 

y 

P 


fcd 








y y 




p 

bD o 

o 

P 


P 

p 

Td 

y 


0 


' Tj 

R 

p 

rt 

> 

- > 



r\ 

o 

P 

ft 

•H 

cd 

CO 

bO 

•H 

3 

p 


TZl 



! 3 

CD 

p 

0 

1 *H 



H 

^5 

p 

CO 

CO 


— 

•rH 

> 

3 

3 


•H 

& 

3 

! P 

P 

o 


CO 


R 

3 


p 

y 

P 

P 

y 

CO 



ft 

H 

<D 

>> 

P 


CO P 


a 

p 

p 

o 

p 

cd 

cd 

p 

y 

Td 

«« 

a 


CO 

-P 

cd 

1 Td 

CD 

3 

0H 

1 y 


p 

y 

P 

y 




cd 


y 

bO 

o 



CO 

P 


P 

cd 


1 p 



1 CO 

y 


H 


CO 

rH 


p 

P 

y 



> 

» CD 

1 o 


iH 




o 

( P 

CO 

«" — ^ 

y 

y 

P 

ft 

CO 

cd 

•H 




CO 

a 

i p 

CD 


P 

! y 




y 

rH 

p 


P 



•H 

& 

y 




§ 


P 

CD 

p 



p 

• y 

p 


3 

rH 

y 

y 

> 

y 

a 

P 



p 

! P 

I 'td 


H 

•H 

1 y 


cd p 

ft 

CO 

ft 

Cd 

1 

P 


o 

3 

3 


0 

' OJ 

• P 

P 

O 

> 

p 







p 

2 

p 

CO 

CO 





•H 

1 P 

1 cd 

P 

•rH 


•H 



1 o 

y 

bO P 

p 

y 


•rl 

CO 


CO 


■P 

ft bD 

CD 

P 


1 P 


y EH 

P 

rt 

y 

y 

cd 

o 

CO 

cd 


p 



a 


<D 


CD 

y cj< 


p 

1 

EH 

3 

•H 


P 

p 



CO 

p 

1 • 


dj 

' ft P 

P 

> 

p 

' y 


•n 

! 


ft 


p 

■R 


rH 

CO 

y 

y ry 


■p 

' (D 

O 


cd P 



1 



y 


cd 

rH 

3 

P 

ft 

a y 


0 

• (U 

' P 

P 

P 

•H 

1 


C7* ^ 

• 

CO 

P 

iH 


2 

P 

O 

cd 

•r- 

1 P 


u 

1 p 

1 P 

♦H 

P 

C 

> t>j 


y y 

y 

!> 

> ft 

(XJ 

CO 

a 

cd 

•H 

P 

P 

1 y 


P 

k C 


> 

•H 

c 

> 1 — 1 


P 

1 P 

CO 

o 


•H 

CO 

p 


P 

CO 

y p 





P 

S 

CO p 



y 

P 

rH 

o 

P 

cd 

o 

p 

ft 


ft ft 



1 


CD 


CO *H 


Td 


ft P 

P 

a 

p 

p 


y 

X 

1 o 



1 0) 


P 

cd cd 


r- 

1 *H 

ft 

a 


y 



y 

P 


y 



1 bO • 

CD 

CD 


p 


P 

i CO 

o 

y 


p 

Td 

Td 

CO 

CO 

o 


y 



1 cd CO 

P 

P 

p 


C 

! P 



CO 

y 

P 

P 

y 

CO 

a 

y P 


<u 

1 bO o 

P 

cd 


> y 


y o 

y 

p 

0 

ft 

cd 

cd 

P 

cd 


CO 3 


cP 


•H 


•H 

1— 

1 y 


p 

1 y 

y 

H 

1 P 

ft 



ft 


«% 

y 


■p 

' a 

I P 

P 

o 

cc 

} 


p 

1 

P 



•H 

P 

bD 



CO 

X 

; CO 




1 CO 

cd 

o 


♦ rH 



1 bO 

y 


•H 

Td 

P 

P 

y 

P 

y 

p 

> y 


(D E 

•H 

p 

CO 

y H 


c 

> P 

•H 




o 

O 

P 


•H 


•H 


H 


1 P 

p 

CO 

ft -H 



•H 

P 


1 2 

a 

ft 

rH 

p 

g 

y 


i fed 


P 

p 

! CD 


cd 


15 


CO y 

y 

p 

1 y 

o 

0^ 

cd 



P 

C 

) pi 


P 

•r- 

! P 

CO 




• 

•r 

1 P 

l> 

•H 


p 

P 


P 

y 

y 


p 


P 


1 O 

CD 

CO 

p 

1 CO 

a 



p 

a 

1 P 

ft 

CO 

bO 

y 

P 

3. 

CO CO 


P 


cd 

p 

d 

bO *H 

3 

P 

> CO 

o 





P 

•H 

p 



> 


CO P 

( P 

d 

cd 

♦n 

\ p 

p 

Cd P 

y 

p 

1 rH 

bO 

y 

•H 



y 

f— 

J ^ 



P Cd 

3 

O 

y p 

bO 


: bD 



1 ro 

P 

p 

P 

> 

y 

P 


i y 


P 

» CD p 


(H 



o 

|3 





•H 

y 

y 


-R 

ft 

CO p 


CO c 

1 u 

CD 



(H 

p 


CO 

p 


1 o 

P 

P 

ft 


cd 


y p 


c 



p 

(H 

y 1 — 1 

ft 


y 

cd 

y ^ 

rd 

y 

ft 

Ed 

Td 

iH 


i P 


a o> p 


cd 

p 




i Td 


y 

P 

CO 

•H 

•H 

•H 

y 


3 



P 

i bO 

CO 

CJ 

p 

; 

p 

y 

!>> 


! bO 

CO 

•H 

p 

CO 

rH 

3 

> 

ft 


<D 

•H 

P 

•H 



p 


• fH 

P 


P 

y 

Td 

CO 

y 

3 

cd 


i 


o c 

) CO 

o 

P 


r> • 

y 

y y 

•H 

CO ‘H 

p 



Td 

> 

ft 

cc 

3 P 


p 

1 P 

> CD 

•H 

•H 

y CO 

a 

13 

= P 

r— 1 

♦r 

1 >> 


P 

p 




j: 

3 O 


♦r- 

1 

Td 

p 

P 

p 

> y 

ft 

C 

> cd 

•H 


1 ft 

bD 

p 

y 

rH 

o 

y 

•r 

5 ^ 


CO 

cd 

y 

cd CO 

o 

P: 

i ft 

P 

P 

> .|H 

p 

o 

bD 

3 

EH 






1— 

1 H 

p 




rH 



cd 


r— 1 

•H 

P 

P 

y 


3 

•r 

H CO 



CD Cd 

3 

<D 


i iH 

y 


>> 

CO 

X 

J ft 

Td 


•H 

•H 


CO 

r— 

^ p 




1 P 

5d 

o 

c 

> cd 

> 


p 

P 

p a 

cd 

P 

P 



cd 

a 

J O 



•r- 

i *H 

•H 

P 

c. 

) P 

y 


cd 

y 

•r 

i -H 

o 

o 

P 

S 


y 

P -H 



r" 

\ Pi 

Pi 

o 

cd cd 

Td 


a 

> 

|3 

: CO 

rH 

ft 

CO 

P 


a 

PL 

H P 


50 



STRUCTURAL ELEMENTS 



DRAG 

BRACES 


CORRUGATED PLATE THEORY 




0 




ft 



<Vh 

H 




(U 



o 

W 


iH 


o 




d 

CO 

cd 



1 




•rH 

•rH 

Pi 


ft 

ft 



W 


o 


d 

•rH 





•H 


•rH 

ft 



Cd 

o 

-p 





W 


♦rH 

o 



CJ 


a 

U 


0) 


rH 

•rH 


O 

O 

> 

CO 

• 

rH 

P 


•H 



1 

Pi 

cd 

Cd 


-P 



CO 

o 

d 

p 


O 

CO 


CO 

•rH 

P 

CO 


<P 

OJ 

CO 

o 

•P 

cu 



H 

•rH 

•rH 

p 

o 

ft 

ft 


<P 

-P 


o 

0) 

-p 

d 


<D 


CO 


CO 


cd 


n:) 

0) 

CO 

(U 


cu 




ft 

<D 


CO 

ft 

o 


bO 

o 

PI 

-p 

CO 


•rH 



u 

ft 


o 

o 

P 


•H 

ft 

ft 

ft 

p 

-p 

CO 




•H 

o 

a 


d 


a 

CO 

-P 



ft 

o 


<D 

CO 

CO 

CO 

Pi 

<u 

o 


P 

<D 


CO 

O 


cd 



d 

bO 

(U 

•rH 

p 



bD 

ft 

Pi 

d 

-P 

CO 

a 


a 

ft 

•rH 

ft 

Cd 

CO 

o 


•H 

•H 

Td 

ft 


cd 

ft 



-P 

Pi 

•rH 

d 


d 



CO 

CD 

-p 

P 

d) 

cd 


(U 


rQ 

CO 

p 

P 

P 


> 




o 

cd 



O 

TO 

,P! 

bD 

a 


CO 



0) 

o 

Pi 


>5 

cd 




-P 

•rH 





A 


•rH 


rH 


rH 


-V 

bO 

ft 

Pi 

bD 

ft 

rH 


rH 


1 

(D 

d 

d 

d) 



•rH 

CO 


•rH 

cd 

> 



0) 

CO 


CO 






o 

(U 


X 

CO 


-p 


p 

-p 

cd 


cd 


fXH 


a 

cd 






o 


rH 

ft 

CO 

cd 


>> 


(U 

ft 

o 

-P 

•P 







d 

P 



Pi 

H 

U 

CO 

d 

P 

^ ^ 


cd 


•rH 

rH 

CO 

d) 

CM 

<D 



ft 

•rH 

<u 

d 


> 

H 

• 

o 

cd 

P 

•H 

<D 

•H 


CO 

p 

-P 



rcj 

U 


•rH 

-p 

0) 

(U 

<u 

•H 

<V 


X 

0 

ft 

d 

p 

rH 


-P 

3 

CO 


cd 

cd 

CO 


•rH 


•rH 

0) 

P 

rH 

— • 


> 



ft 

ft 

ft 


P 



H 

-p 

n 



0 

n 

(D 

cd 


d) 

CO 


•rH 

CM 


d 

d 

n 

d) 


-P 


-P 

CO 

o 


d 


cd 

(D 


d 

ft 

d) 

•rH 


d 

Td 

O 


d 

ft 

ft 



•rH 

-P 

0) 


4J 

H 


<U 

f—i 



CO 


o 



CO 

1 — 1 

-p 

ft 


o 


(H 


0) 


d 

CO 



cd 

Pi 

H 

CO 

0) 

<u 

ft 


•rH 

•rH 

H 

•rH 

ft 

CO 



-P 


ro 


(U 


bO 


d 

P3 

P 

ft 

ft 

rH 

d 


OJ 

? 

cd 



cd 

•H 



o 

ft 

0) 

CO 

d 

ft 


(U 



p 


cd 

cd 


Ch 

CO 

nd 

<u 

ft 


o 


«H 


(U 

ft 

d 

■p 

rH 


•rH 

CO 

-p 

> 

Cd 

d 



rd 

•rH 

o 



(U 

rH 




(D 

#% 

CO 

CO 

Cd 


H 

<U 

P 

ft 

d 

<u 



aJ 

-P 

•H 

U) 

o 

p 

p 


•rH 

cd 

Td 


•H 

ft 

o 


-P 

rH 


o 

+:> 


d 


u 

ft 


-p 

Cd 

d) 



cd 




bD 

ft 

<u 



nd 


rH 

d 

p 

ft 



(U 


cd 

p 


p 


(U 

-P 

o 

d 

p 

ft 



-p 

cd 

-p 


o 

o 

d) 


cd 

bQ 

•rH 

D 

o 


1 — 1 


a 

P 

ft 



CO 

•rH 


•p 

Pi 


(U 

d 

d) 



X 

Pi 

ft 

ft 

CD 

CO 

> 


0 

O 

o 


(D 

O 



u 

O 


o 


ft 

CO 


Qi 


r> 

-p 


P 

ft 


P< 


Pi 


d) 

d 

cd 


cd 


o 

(U 

ft 

ft 

0 



P 

•rH 

p 



rH 


o> 

H 

•P 

(D 

rH 

P 




o 

cd 

ft 

cd 

o 

P 


EH 

ft 

bO 


•rH 

ft 




•H 

d 

Pi 

P 


o 



Pi 

p 

0) 

d) 


ft 



d 

p 

ft 

-p 


•rH 




o 

cd 

cd 


d 



cd 

o 

-p 



d 







(U 







ft 







p 



o 




ft 



p 










d 



rH 

bD 



cd 



d) 

d 

^ — s 



(U 

1 — 1 

•p 


CJ* 



ft 

rH 

d 

r 

>> 

>5 


p 

Cd 

p 



rH 



P 

<u 

1 

1 

(U 


<u 

cd 

> 



1> 


ft 

ft 

o 

J: 


•P 


d 


bD 

V ^ 

P 


( — 1 

CO 




o 


o 

p 

0) 

<o 

(U 


d 

d 

ft 



ft 


•rH 

d) 

P 



CO 



a 



0) 


o 

s 

ft 


a* 

p 


p 

o 

o 





cd 




#N 


ft 

p 

(U 

1 

1 



(U 

p 

ft 



CJ* 


p 

cd 

•p 



1>5 


d 


CO 


ft^ 



0) 

, — s 


ft 

X 

ft 



H 

ft 

<ro 

CXj 


5 

H 

d 



d 


d 

cd 



cd 


cd 

r> 

ft 

H 




a 


N 

'' 


CO 


P 




cd 


ft 



p 


d 

p 

(U 

bD 

<u 

rH 




O 

d 

d) 



^ — V 


•rH 

•rH 

ft 



CO 


H^ 

P 

p 

+ 

S 


cd 

P 






d 

CO 

o 


*\ 


C7< 


p 


P 

CO 


(U 

CO 



X| 

X 



d 

CO 





(U 

o 

a 


1 



p 

d 

p 



CO 


cd 

d 

<u 


xl 

d 


rp 

•rH 

p 

' — 

o 


ft 

P 



•p 



d 

bO 



p 


a 

o 

d 


cd 


•rH 

u 

•p 



o 


CO 




p 

o 


cd 

CO 

o 


1 — 1 


ft 

cd 

rH 







rH 



p 


d> 

H 

o 



cd 


ft 

rH 

ft 





P 

(U 




d) 



> 

cu 

> 

ft 

ft 




ft 

ft- 

>> 

cd 


d 

CO 

p 

cXi 

(TO 

a 


0 

cd 






•rH 


bO 



CO 


P 

— s 

d 


P 

p 


•rH 

CO 

•p 

IP 

d 


ft 

ft 

ft 

1 W 

<u 


ft 


ft 


a 


cd 

d 

ss 

cd 

S 

Ml 

ft 

o 

cd 


H 

d) 

ft 

;f 

P 



d 



p 



ft 

ft 


CO 

cd 


• 

ft 

d) 


!>> 



CO 

•rH 

> 



<+H 


p 

P 

d) 


1 

o 


o 

CO 

•p 





(U 


ft 


1>> 

p 


ft 

ft 

o 

' 

(U 

• 

ft 

d 

cd 



ft 

CO 

<u 

cd 




d 



CO 



H 

o 

bD 

^ 

cd 

/ — , 

d 

•p 

d 

CO 

15 


CO 


p 

•rH 

s 



X 

(U 

a 

ft 


CO 


ft 

d 

Cd 


•p 


1 

p 

d 

o 

CO 

ft 




ft 

1 — 1 

CO 

tH 


X 

(U 

cd 


d 


«• 

p 

d) 

a 




cd 

P 

p 

• 



•H 

d 

rH 

CO 



Qi* 

<U 

CO 

Cd 

d) 



ft 

CO 

O 




ft 


(U 

O 

3 


CO 

d 

o 

p 

H 




cd 

cd 

ft 


1>> 




P 


ft 



CO 

ft 

♦P 

rH 

O 

ft 


ft 

Q 

cd 


d d 

V ✓ 

A 


•rH 

CO 

cd o 



cy^ 

<u 

d 

(U 

p 

o 

d) 

•p 

Mi 

(U 

p 


p 

ft 

<u d 



cu 

CO 

<u 

ft 

ft o< 


ft 

— 

ft 

0) 

P (U 



15 

<-o 


52 





Galerkin*s method was used to solve the governing equation through the substitution 
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for the approximate mean square response of 
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TEST SPECIMEN AND STRAIN GAGE AND ACCELEROMETER LOCATIONS 
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DAMPING MECHANISMS 
(Slide 7) 


-P 

•H 

§ 


ft 


0) 


ce 

g 

0) 

-p 


-p 

& 

o 

o 

•H 


-p 

0) 


rH 


iH 

•H S 

•H 

^ 0) 

> 

(U -P 

0 

P -H 

cd 

S 

fd <L) 


0) CO 

w 

H (D 


H ,c| 


d -P 

o 

-P 

Pd 

w ft 
d o 


•H 

<D 


U 

d o 

rO 

0 

•H 

•H q 3 
-p 

ft 

cd o 

cd 


o 

•H 

M <D 

1 — 1 

d 1— 1 

•H 


W 

^ -9 

J>> 


-P 

a 5 

•H 


W 

0) ^ 

5=1 

^ -p 

(D 


TTi 


(U 

-p 

-p 

7i 

O 

■P 


o3 


bOoo 

-P 

•H Ch 

9^ 


on 

0) >--- 
^ 4 

o3 tiD 


cn 

0) 

fH 

O 

bD 

♦H 

-P 

0) 

> 

-P 


cu 

ft 

o 

iH 

<\) 



(U 


c 

•P 


CO 

<D 

*H 

O 



> 

-P 


rH 



ft 

•H 


fv 

o 

O 

-P 

ft 


ft 

O 

•H 

ft 



U 

<D 

(H 


-P 

-P 

CD 


to 

cn 

S 

(U 


»H 

5=1 

4-D 

(U 

Ui 

O 

b 

b 

0 

O 

d 

3 

O 

5=1 

Td 

w 

O 

H 

jH 

o 



o 

1— 1 

-P 

q 

o 

o 

0) 

cd 





<D 

0) 

b 


u 


cd 

•H 


-p 

rH 


> 


P 

ft 


-p 


<D 

w 


sn 

ft 

-p 

o 

o 

cd 

CO 


•H 

d 

<D 

-p 

ft 

P 

EH 

ft 

cd 

CO 



rH 

ft 



b 

cd 


ft 

cn 

o 


3 

5H 

P 


cd 

•H 

(D 


64 


DAMPING MECHANISMS 



65 


FREQUENCY SWEEP AND MODE SURVEYS 
(Slides 8 and 9) 
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Slide 10 



SPECTRAL ANALYSIS OF 179 Hz DECAY FOR STRAIN GAGE 2B 
(TONE BURST EXCITATION AT 179 Hz) 
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FREQUENCY, Hz 


POWER SPECTRAL DENSITY ANALYSIS SYSTEM 
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FREQUENCY COMPARISONS 
(Slide 12) 
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COMPUTED PMEL FREQUENCIES ( UNHEATED AND HEATED) 
(Slide 13 ) 
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COMPUTED FREQUENCIES, Hz 









MEASURED DAMPING RESULTS 
(Slide l4) 
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RAM)OM TEST EXCITATION SPECTRUM 
(Slides 15 and l6) 
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APPENDIX 

The following equations define the elements of the matrices introduced in the analysis: 
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APPENDIX (cont. 
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CONSTANT SOUND LEVEL FREQUENCY SWEEP BLOCK DIAGRAM 
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CONSTANT SOUND SERVO SYSTEM 














MODE SURVEY BLOCK DIAGRAM 









RANDOM EXCITATION BLOCK DIAGRAM 
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1.3 CM (1/2 IN.) 









TONE BURST TEST BLOCK DIAGRAM 
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A study of propellant feedline dynamics will be discussed first. 
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is to include all of these factors in one computer program. 
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(MOUNTING STIFFNESS, FORCED LINE LENGTH CHANGES). 
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SUMMARY - NO UNEXPECTED EFFECTS HAVE lEEN FOUND. EACH EFFECT HAS BEEN 
INCORPORATED INTO THE TOTAL COMPUTER PROGRAM. 
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FLEXIBLE BAFFLE MATERIAL SELECTION 
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PROPELLANT DYNAMICS DURING DOCKING 
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This slide shows the forces exerted by the liquid on the tank during the flow shown for the two 
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TYPICAL SHUTTLE AIR-CUSHION CHARACTERISTICS 
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Figure 4 
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Figure 6 



STATIC AERODYNAMIC COEFFICIEinTS FOR SPACE S 



booster has a stabilizing effect in both cases, partic-ularly for the tip-fin booster. 
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Figure 8(b) 
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FULL-SCALE WIND VELOCITY, m/sec 
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as to have an aerodynamic interfering effect on the laimch vehicle wing. During reentry and the 
transition maneuver^ the relatively thick wings of each vehicle will he^ individually^ at high angles 
of attack. The puipose of this paper is to present highlights of some recent experimental results 
obtained at the NASA Langley Research Center that are applicable to these unique space shuttle wing 


SOME SPACE SHUTTLE CONFIGURATION EFFECTS 
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Figure 1 



FLUTTER MODELS OF A SPACE SHUTTLE LAUNCH VEHICEE WING WITH TIP FINS 
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FLUTTER MODELS OF SPACE SHUTTLE LAUNCH 

VEHICLE WING 
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Figure 2 


KFTTECT OF WING TIP FIN OF WING FLUTTER CHARACTERISTICS 
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ca,n Tdg concluciGd. "tlia.'t 'th© tip fin has a d.G'ti’imsn'tal ©ffect on th© flutt©!* LGhavioi* of 'this propos©d. 
wing configuration of th© space shuttle launch vehicle over the subsonic and transonic Mach number 


^pp£;qj of wing tip fin on wing flutter characteristics 
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Figure 3 



G- SURFACE FEUTTER MODEL 
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Figure 4 


TRMSOMIC FLUnER OF WINGS IN PROXIMITY' 
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ZERO ANGLE OF ATTACK HIGH ANGLE OF ATTACK 
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Figure 6 


BUFFET BOUKDAEOIES 
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Figure 7 



PREDICTED FULL-SCALE MAXIMUM BUFFET IMTENSITIES 
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Flutter and buffet of wings are so configuration sensitive that the most critical research will be 
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Figure 4 



MASS RATIOS, FREQUENCIES, AND DAMPING RATIOS 
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where is the wing mass per unit length. 
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TOTAL PRESSURE , in-Hg 



ig model 2 was tested at total pressures (p^.) ranging from 51 kN/m^ (15 in.-Hg) to 220 kN/m^ 
Hg). The Mach number was varied from 0.6 to 1.1 with the wing at zero degrees angles of 
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^jj )3 values referred to herein are the rms values of the fluctuating part of the strain~gage 
signals. The d.c. outputs due to static loads were filtered electronically (i.e., Og is the standard 
deviation of the bending-gage signal) . 
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During launch, the Reynolds number per meter (foot) is expected to be on the order of 10 X 10 
(3 X 106) at M = 0.85. 
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TOTAL PRESSURE, in-Hg 
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'The torsional damping ratios were obtained from autocorrelations of the torsion-gage signals. Before 
omputing the autocorrelations, the signals were passed through a bandpass filter having a 30 Hz 
landwidth centered at the torsional frequency. 
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PANEL GEOMETRY AND BOUNDARY LAYER PROFILE 
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PANEL GEOMETRY AND BOUNDARY LAYER PROFILE 
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THEORETICAL RESULTS FOR LARGE BOUNDARY LAYER THICKNESS 
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NOTE : UNPUBLISH|ED THEORETICAL RESULTS OF E. H. DOWELL, 
PRINCETON UNIVERSITY, NASA GRANT NGR 31-001-197 
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midplane; stress, 




of the boundary layer on panel flutter is particularly important for the 



244 


1. MUHLSTEIN, Lado, Jr.; GASPERS, Peter A., Jr.; and RIDDLE, Dennis W. : An Experimental Study 

of the Influence of the Turbulent Boundary Layer on Panel Flutter. NASA TN D-4486, 1968. 


o 




•rl 

• 



+J 

tr- 



O 

On 




H 

•V 

CO 

0 


u 

rH 


C 

o 

Ml 


0) 

O 

0 0 


•H 

1 

CO Ml 


CO 

rH 

0 O 


0 

ro 

O 0 


cd • 


PU Ml 


u o 

(0 Ml 


H r>- 


0 CO 


<Ts 




&0 rH 




0 

4-» 

Ml 


*H >> 

0 

0 rH 


O U 

0 

0 rH 


00 0 

Mi 



U 0 

O 



0 0 


0 g 


"O 0 

<3 

Ml CO 


0 

CO 

Ml <J 


P 





25 

rH <0 


0) vD 


Pm < 



Ml 

H 


0 1 

O 

rH <1 


rH O 

HH 

0 


PM 

Ml 

0 Ml 
0 0 


0 • 

Ml 

PM 


r-| O 

O 



Xi ^ 

PM 

Ml 0 


•rl 

0 

0 Ml 


X Ml 

pj; 

0 0 


0) 0) 


0 0 


rH Q* 

CO 

•H CO 


Pm 0 

CO 

rH 0 


PM 

0 

0 Ml 


0 ^ 

Ml 

O PM 


n ^ 

00 

n 

2; 


5 M 


MH • 

• 

< 

PM 

O W)0 

rt\ 




0 


CO *H 

ON 

0 • 

rH 

•H T3 

rH 

u u 

Ml 

CO 0 


0 0 

0 

Q 

rH 

Pm -U 

Ml 

rH kH 

•H 

u 

Ml 

0 

Ml 

O 0 

0 

0 O 

a 

•H rH 

0 

•5 -H 

<3 

i 

cy 



0 rH 


•• 0 

0*^ 

0 

• • 


CJ 

Ti 0 

« 

CJ n0 

0 

0 0 

CO 

O 

0 

U PM 


• M 

Ml 


• 

CO 0 

0 

<j* o 


<3 MH 

u 


A 

0 

Ti 


PU Ml 

0 

0 0 

CO • 

CO 0 

O 

rsj o 

W O 

O 0 


•rl ‘rl 

S r-- 

H 0 

CO 

H U 

H 

23 

rH 

0 0 

5^ rH 

M rH 

0 

u o 

w 


•H 

0 «H 

> M 

^ o 

M 

0 

0 

jz; 

0 

0 PM 

Xl ,£» 

Td 

Ml 

O 

0 O 

0 Ml 

0 

c 

0 U 

0 O 

S 


o 



•• 0 

• 0k o 

• ^ C3 

TJ 

• 0 

• 

• o 

0 

W 

X ^ 

m •H 

0 



Ml 


• Ml 

• Ml 

• 0 

CO 

W .H 

^ •H 

Pm Ml 

o 


CO 

•H 

•H 

A 

Ml 

o 

s 


0 

PM X 

0 

hH O 

rH > 

m 

0 

U rH 

W -H 

H 


S Pm 

5 0 

W B 

o 

O 

O 1=1 

< o 


Q Ml 

Q 

W ^0 

rH 

0 

0 

0 

0 

0 

O 

0 

Ml 

• 

• Ml 

• « 

0 

CH CO 

CO 0 

•0- 

Ml 


o 

Ml 

G 

0 

0 

0 

0 


•H 

TJ 

Ml 

0 

Ml 

0 

Ml 

*rl 

PM 

0) 

CO 


245 



APPLICATION OF RECENT PiiNEL FLUTTER 
RESEARCH TO THE SPACE SHUTTLE 
PART II - INFLUENCE OF EDGE CLIK3 AND FLOW ANGULARITY 
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PAPER 8-11 


SPACE-SHUTTLE SURFACE STRUCTURE 
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example;, a panel supported on clips at the corners only is essentially unrestrained along the edges, 
such cases, divergence may occur if the weak support is at the trailing edge. 
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Figure 2 
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Figure 3 
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EFFECT OF IN-PLANE LOADING ON FLUTTER OF PANELS 
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Figure 4 



INFLUMCE OF FLOW ANGULARITY ON FLUTTER 
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INFLUENCE OF FLOW ANGULARITY ON FLUTTER 
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Figure 5 
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COMPARISON OF THEORY AND EXPERIMENT 
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Figure 6 




FLUTTER COMPARISOH OF SHUTTLE SURFACE STRUCTURES 
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FLUTTER COMPARISON OF SHUTTLE SURFACE STRUCTURE 
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Figure 1 
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In sTjmmary^ it is important to note that present flutter theories are hased on assumptions that 
may be somewhat strained when applied to shuttle thermal protection systems. In particiilar, continue 
line supports are assumed, whereas spatial variations of the supports are generally more realistic. 
Finally, experimental programs are \mderway to provide data to assess the credibility of the theories 
and trends presented herein. 
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xon^ Sidney C.; and Shore , Charles P. : State of the Art for Panel Flutter as Applied to Space 

Shuttle Heat Shields. NASA TM X-52876, Vol. H, I970, pp. 199-221. 
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BUFFET RESPONSE OF SPACE SHUTTLE LAUNCH CONFIGURATIONS 
AS DETERMINED BY TESTS OF AN AEROELASTIC MODEL 
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CONFIGURATIONS TESTED 
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model to respond in pitch and yaw simultaneously. 


SCHEMATIC OF SSV AEROELASTIC BUFFET MODEL 
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Figure 2 
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Strong function of angle of attack. 
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EIJlffMAEY MEASUREMEHrS MD FLOW VISUALIZATION STUDIES OF 
PRESSURE FLUCTUATIONS ON SPACE SHUTTLE CONFIGURATIONS 



Highlights of the most significant and recent results of these investigations are presented. 


0.025-SCALE MODELS OF LAUNCH CONFIGURATIONS TESTED IN AMES 11* 
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transonic wind tunnel 



0 . 025 -SCALE MODELS OF LAUNCH CONFIGURATIONS 

TESTED IN AMES I l-ft TWT 
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ESTIMATED PRESSURE FLUCTUATIONS DURING ASCENT - ORBITER COCKPIT 



(ft/sec) 243.8 (800.) 274.3 (900.) 333.8 (1095.) 420.6 (1380.) 
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ESTIMATED PRESSURE FLUCTUATIONS DURING ASCENT - ORBITER HEAT SHIELD 
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FLUORESCENT OIL FLOW - STRAIGHT WINGS 
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resulting flow separation on most of the booster empennage 
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FLUORESCENT OIL FLOW - DELTA WINGS, TIP FINS 
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In order to maximize the payload in space shuttle operation^ three areas must he investigated 
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Figure 1 


parametiers in figure 2 are ones which have a major effect on the space shuttle structural 
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Figure 2 



MSC shuttle boost vas simulated for the first 100 seconds of flight with tail vinds defined 
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EFFECT OF WING INCIDENCE ON MAXIMUM qa 
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WING INCIDENCE ANGLE, DEG 


For the synthetic tail wind the difference in response for tvo attitude control gain histories is 
shown. The attitude gain in one case is varied linearly from 1.0 at 40 seconds to 0 at 80 seconds 
and back to 1.0 at 120 seconds. This response is ccmpared with the response of the vehicle with an 
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EFFECT OF PITCH ATTITUDE CONTROL GAIN 

ON qa 
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TIME, SEC 



A similar reduction is seen in the qa response for the head-A^/ind synthetic wind profile. 
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The qa response for trajectory B is shown for the same winds as applied to trajectoiy A, Here 
the no-wind qa is positive and the variation from the no-wind re^onse to the head-wind response is 
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Figure 3 
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of load reduction scheme. (See Figure 5. ) 
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weight advantage. (See Figure 6.) 
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POTENTIAL STRUCTURAL WEIGHT SAVING 
FROM ASCENT LOAD REDUCTION 
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1,000 TO 1,500 POUNDS 
1 LB =0.4536 KILOGRAM 




TYPICAL LOAD SPECTRA 
Booster Wing Root Bending Moment 
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IN.-LB = 0.1126 METER-NEWTON 
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ALTERNATING MOMENT, +Mg (10 ° IN.-LB ) 
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N LIFE CYCLES 1 KSI = 6.894 X 10® NEWTON/METER 
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BOOSTER WING FATIGUE DAMAGE 







H 

O 


LU 

D 






z 


O 






CO 

Ul 


H 






o 


< 






O 


u. 






CO 


X 






r». 


1- 






d 


§ 






O 

Z 

< 


o 

LU 

z 






< 
1 

CO 

CQ 






p- 

< 

Q 

z 

o 

o 

6 

II 

LU 

W 

D 

cc 




H 

co 

LU 

H 

LU 

1- 

< 

cc 

< 

> 

o 

z 

LU 

X 

§ 


o 




D 

O 

1- 

< 

1- 

< 

z 

o 

CO 






< 

o 

D 






u. 

cc 

o 

u. 

_l 

CM 

O 

d 




(D 

Q 

LU 

1- 

O 

z 

o 

II 

> 

QC 


0) 

d 


z 

C3 

CC 

o 

CO 


1- 

-1 

d 

II 


I 

Z 

"c 

z 

LU 

< 

o 

II 

CD 

z 

o 

< 

H 

LU 



H 

QC 

z 

'c 

d 

X 

o 

lU 

LU 

CD 

CD 

Z 

o 

d 

H 

O 

LU 

D 

C3 



CO 

< 

QO 

CO 

CC 

< 

-J 

< 

< 

X 

o 

> 

II 

zT 

Z 

LU 

O 

W 

1- 

< 

u. 



CO 

I 

H 

UJ 

O 

> 

< 

d. 

LU 

^ ' 

< 

1- 



1- 

o 

UJ 



O 



D 

cc 

CC. 



z 



QQ 

Q. 

o 

• 


• 





• 


355 


Figure 11 



bO 

.3 

CQ 

•p >4 

a 

0 

•r^ 

1 

•r »4 

CQ 

a 

O 

o 

'S) 

0) 


'3 

CQ 

cn 

o 

o 

cJ 

X 

'S 

a 

•p^ 

o> 


a 

C 3 

T 3 

0) 

:3 

bfi 

.2 

-4-» 

o 

.3 

OQ 


a 

2 

3 

•1^ 

c 3 

•T 3 

0 

H 

a 

1 

bO 

a 

• pU 

C 


CJ 

o 

w 

CO 

s 

a 

a 

d 

CO 

p ~4 

cd 

'S 

a 

c 

cti 

>> 

a 

0 
(D 

a 

CO 

TJ 

§ 

1 

•l-< 

§ 

'O 

<3) 


a 

0) 

> 

*a 


o 

CO 

d 

(5^ 


•p^ 

0) 

to 

o 

o 

T 5 

d 

d 

(-4 

0) 


CO 

0) 

bO 

d 

bO 

d 

•p^ 

a 

•M 

CO 

T 5 

d 

d 


CO 

o 


0> 


« 2 


•S 

o 

0) 

jd 

pD 

U 

o 

< 4 -C 

T5 

2 

0) 

T3 

•p^ 

CO 

d 

o 

o 

bo 

d 

•r^ 

p2 

'o 

u 

•g 

o 

o 

2 


3 


CO 

a> 

I 

o 

% 

a 

o 

d 

ro 

0) 

d 

0 

a 

1 

•p^ 

2 

d 

d 

o 

•p^ 

d 

T3 

•p^ 

CO 

d 

o 

o 

0) 


a 

'S 

•P-* 

CO 

d 

o 

o 

(-4 

'S 

d 

d 

CO 

^4 

o 

CO 

d 

CD 

CO 

o 

H 


bO 

d 

•C 

o 

•4-i 

o 

2 


2 3 


>> 

TJ 

0) 


CO 


CO 

CD 

•B 


CD 

T 3 

•p^ 

> 

2 

Cl 




CO 

p 

O 

CO 

d 

0 

CO 


d 

o 

•p^ 

"S 

a 

CO 

-p-l 

T 3 

0 

45 

H 


(M 

iH 

0 

Su 

a 

♦ fX 

p 3 L| 

0 

0 

:n 


CO 

0 

bO 
0) :d 

'S 

TJ 

1 

d 

o 

a 
0 


f 

i 

d 


0 

0 

d 

bO 

CO 

XI 

d 

d 


»— 1 

<4H 

a 

$ 

? 

d 


u 

d 

a 

•p^ 

« 

d 

X 

J3 

o 

d 

H 

•p^ 

•4-i 

a 


356 


MODAL STABILIZATION 
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• RATE GYROS DISTRIBUTED ALONG FUSELAGE 
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OCTAVE-BAND SOUND PRESSUEE LEVEL SPECTRA FOR VARIOUS VEHICLE aTATIOES 
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STATION, meters 



COMPARISON OF CREW/COMPAETMENT AREAS ENVIRONMENTS (EXTERNAL) DURING HOLDDOWN 

(Slide 9) 

shuttle crew areas are exposed to environments that are 152 dB, approximately 5 to 6 higher on 
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FATIGUE POTENTIAL IS HIGH 
CREW ENVIRONMENTS HIGH 




UCPORMATION FOR DESIGN IMPACT 
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thermal protection system (TPS) panel configuration is described. 


VIBRATION CRITERIA FORMAT FOR THE SPACE 
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transonic environments 



VIBRATION CRITERIA FORMAT 
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Figure 1 



SHUTTLE VEHICLE DYHAMIC ACCELEIRATIONS 



SHUTTLE VEHICLE DYNAMIC ACCELERATIONS 
























TYPICAL MOBILE ACOUSTIC RESEARCH LABORATORY (MARL) TEST CONFIGURATION 

(Pigvire 5) 

acoustically induced 'broad'band random vibration criteria for the shuttle vehicle are being 
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■bank that is closest to the shuttle stnactural configuration is selected. The proper mass and sound 
pressure level adjustments are made to determine the vibration criteria for the unloaded shuttle struc- 
ture. CoB^ionent vibration criteria for varying wei^t ranges can "be determined from conventional mass 
attenuation techniques. 
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Figure 4 





SHUTTLE BOOSTER AND OKBITER VIBRATION ZONES 
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SHUTTLE BOOSTER VIBRATION ZONES 
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ZONE 1 ZONE 2 ZONE 4 













SHUTTLE ORBITER VIBRATION ZONES 
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THERMAL PROTECTION SYSTEM PANEL 
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Figure 9 shows the lift-off and transonic vibration criteria predictions for the midship equip- 
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FREQUENCY- HERTZ 




J-2 ENGINE (SEA LEVEL) SHUHLE MAIN ENGINE (SEA LEVEL) 


—I 

O 


o 

LC\ 

ir\ 


o 


Ln 

ZD 

X 


CO 


VO 


o 

CM 

I 

CO 

ZD 

0:1 

zn 


o 

LU 

in 

t 

8 

O 

CO 

o 

LU 

oo 


I 

>- 


O LZ 


O 

O 

I 

LU 

> 

h— 

CO 

ZD 

C 

X 

X 


o 

LU 

CO 


vO 

sT 

o 

LU 

CO 


O 

CM 

I 

X 

CJ> 

o 

LU 

> 

F— 

CO 

X 

< 

X 

X 

LU 


o 

LU 

CO 


CJ> 

LU 

CO 


GO 

s 

cn 


^ s 

o 


o 

VO 


• • 


o 

LU 

CO 


o 

ir\ 


o 

ir\ 

CM 


Ov 

cm" 


< ^ 

rv" LU 


O ^ 
_i oi 
LJ- o 

tr LU 

^ z: 

o ~ 

rz o 


CO 


o 

o 

LPi 


CO 


o 

LU 
CO 

^ 8 


CD 


vO 


rv^ LU 

3 ^ 

LL. O 

X ^ 

o — 
rr o 


• • 


O ^ 

I— -O 

< s 

II 


cz 

& 

X3 


o 

z 

mmi 

< 

KJ 

CO 


■o 

CP 


c 

cn 


CO 

X 

oi 

X 


o 


o 

z: 

LU 


O 

CZ 


o:: 

o 

CO 

CO 

X 

CO 

• 


o 

Q- 

s 

o 

CJ> 

on 

0 

LU 

01 

o 

I— 

o 

<c 


o 

z: 


LU 

o 


S 

1— 

O 

LU 

< 


z: 

X 



iz 

o 

o 

LU 

< 


1 — 
1 

o 

LU 

II 

c 

II 

1 

§ 

LU 


0 

0 



o 


< 

o 


y LU 

O o 


X 

J— 

CO 


< 

Cd 

h— 

o 

LU 

Ol. 

CO 

Od 


o 

CL. 


O 

O 


Q 

“O 


CL 

CJ 

to 

IDO 

X 

CO 

0 


O > 
r" CO 
< 


< 

QC 


O 

o 

< 


cn 

0 


O 

I— 

CO 

X 

< 

X 

X 

LU 


445 


Figure 11 




(ZONE 5-5) 

OXIDIZER PREBURNER 
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MAIN SHUTTLE ENGINE VIBRATION CRITERIA 



FREQUENCY -HERTZ 






A preliminary vibration design and test criteria format for the space shuttle has been determined. 
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